, V = 1070.7(4) Å 3 . The structure of these compounds is composed of 2D Ln(pddc) layers that are interconnected by chelating oxalate. Within the layer, each rare-earth metal forms a monodentate bond with each of the four pddc groups. The metal centers in the neighboring layers are bridged through µ 4 -oxalate, resulting in a three-dimensional framework. The remaining two sites around the eight-coordinate Ln are occupied by water molecules. Compounds 2, 3, and 5 exhibit paramagnetic behavior and 1 is diamagnetic. They are thermally stable up to 250°C.
INTRODUCTION
The demand for new materials with practical applications has promoted research in the design and synthesis of functional coordination polymers that possess attractive properties, such as zeolite-like characteristics, catalytic activity, magnetism and non-linear optical behavior [1, 2] . Suitable choices of metals and ligands based on their coordination habits and geometric preferences often produce novel structures with interesting and specific properties. Recently, others and we have investigated a number of systems involving multi-ligands, for example, magnetically active systems containing transition metals and oxalate/4,4'-bipyrdrine [3, 4] . Rare earth metals are attractive as metal centers for construction of magnetically interesting coordination polymers that also exhibit other interesting and advantageous properties, such as high dimensionality, optical activity, and thermal stability. In this study, we report a novel threedimensional framework built upon lanthanide metals and two ligands, oxalate and 3,5-pyridinedicarboxylate.
EXPERIMENTAL DETAILS
Chemicals and Reagents. All chemicals were used as purchased without purification. , and a plate-like pinkish crystal of 5 (0.22 × 0.12 × 0.03 mm) were selected for the crystal structure analysis. Each crystal was mounted on a tip of a glass fiber in air and placed onto the goniometer head of an Enraf-Nonius CAD4 automated diffractometer. Using graphite-monochromated Mo Kα radiation, the unit cell data were refined by 25 well-centered reflections. Raw data were corrected for Lorentz and polarization effects, and an empirical absorption correction based on ψ-scan data [5] was applied in each case. The structures were solved using the SHELX-97 program [6] . The non-hydrogen atoms were located by direct phase determination and subsequent difference Fourier synthesis and subjected to anisotropic refinement. The hydrogen atoms were located from difference Fourier maps but were not refined. The full-matrix least-square calculations on F 2 were applied on the final refinements. The unit cell parameters, along with data collection and refinement details, are given in Table I . Selected bond lengths are reported in Table II . Crystal drawings were generated by SCHAKAL 97 [7] . X-ray powder diffraction analyses were performed on a Rigaku D/M-2200T automated diffraction system (Ultima + ). All measurements were made between a 2θ range of 5 and 80° at the operating power of 40 kV/40 mA. Thermal Analysis. Thermogravimetric analyses (TGA) of the compounds 2, 3, and 5 were performed on a computer-controlled TA Instrument 2050 TGA analyzer. Samples were loaded into platinum pans and heated with a ramp rate of 10°C/min from room temperature to 800°C.
Magnetic Measurements. Magnetic susceptibility χ(T) and magnetization M(H) measurements on polycrystalline samples of 1, 2, 3, and 5 were performed using a Quantum Design SQUID magnetometer. In χ(T) measurements, the temperature was varied from 2 K to 300 K. Magnetic fields of 500 G and 5 kG were applied in χ(T) measurements for each compound. M(H) was measured at 2 K for all samples. In the M(H) measurements, the applied magnetic field was increased from 0 to 50 kG and then decreased back to 0. (4) 2.412(6) Symmetry codes: i -x+1,-y+1,-z ii -x+1/2,y-1/2,-z+1/2 iii x,y-1,z iv -x,-y+1,-z DISCUSSION Structures. Compounds 1-5 are isostructural and crystallize in the monoclinic system, space group P2 1 /n, Z = 4. The local coordination of the metal is shown in Figure 1 . Each metal (Ln) is coordinated to eight oxygen atoms, two of which are from one oxalate (O5, O6), four from four different pddc (O1, O2, O3, O4), and the remaining two from two water molecules (O7, O8). Every µ 4 -pddc connects to four different metals to form a 2D network extending along the direction and the b axis (Figure 2 ). The two-dimensional layers of [Ln(pddc)] + are cross-linked by oxalate ligands via chelating modes to lead to a three-dimensional structure. One pair of oxygen atoms of oxalate chelate to one metal of one layer and the other pair of oxygen atoms chelate to another metal of the adjacent layer. As shown in Figure 2 , the shortest metal-metal distances within the [Ln(pddc)] + layer are 5.15 (i) and 6.34 Å (ii) for 1; 5.11 (i) and 6.29 Å (ii) for 2; 5.10 (i) and 6.28 Å (ii) for 3; 5.06 (i) and 6.24 Å (ii) for 4; and 5.01 (i) and 6.17 Å (ii) for 5, respectively. The shortest metal-metal separations between the adjacent layers are 6.53, 6.46, 6.43, 6.35 and 6.26 Å, for 1-5, respectively. The average bond length between Ln and the oxygen of pddc is shorter than that between Ln and the oxygen of oxalate, which in turn is shorter than the bond length between Ln and the oxygen of water. Interestingly, the nitrogen of pddc does not participate in bonding in contrast to the Co-pddc compound in which nitrogen and two chelating carboxylate groups connecting three cobalt metals in three directions to give rise to a 2D structure [8] . Figure 3 . The insert in Figure 3 shows the χT vs. T plots for 2, 3, and 5. The χ(T) data for 5 can be fit with a simple Curie law very well for all temperatures, and a paramagnetic effective moment of Er It is interesting to compare the effect of the oxalate bridging in this series of compounds, with its strong bridging functions to the magnetic interactions exhibited in many transition-metal molecular magnetic compounds [9] . For 5, the simple Curie-paramagnetic behavior seems to suggest that the effect of oxalate bridging is at its minimum. Yet the antiferromagnetic coupling between the rare-earth ions, indicated by the fitted θ values for 2 and 3 (-41 K and -30 K, respectively) may be related to the oxalate bridging.
Thermal Stability. The weight loss curves show that compounds 2, 3, and 5 start to collapse at 450°C. Each compound underwent a three-step decomposition process. The three water molecules per formula were lost around 250°C. This was confirmed via percent loss calculations. In all compounds, the loss of pddc and oxalate were completed before the temperature reached 800°C. The residues of each of these compounds were a mixture of elemental metal and metal oxides.
CONCLUSIONS
In this study, we have successfully obtained a new three-dimensional lanthanide framework constructed by oxalate and 3,5-pyridinedicarboxylic acid via hydrothermal synthesis. Unlike the Ln-pdc systems, where the lanthanide contraction leads to several different structures [10] , the Ln-pddc compounds crystallize in the same structure. Magnetic studies show that Compounds 2, 3, and 5 are primarily paramagnetic, while Compound 1 is diamagnetic. These compounds are thermally stable up to 250°C.
